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PURPOSE: To efficiently dehydrogenate titanium hydride 
in the production of titanium powder by rotating and 
agitating the titanium hydride charged in a closed rotary 
kiln instead of a conventional stationary batch-type 
dehydrogenator wherein trays are placed on one another 
in multiple stages. 

CONSTITUTION: A titanium hydride powder 1 1 is charged 
into a closed rotary kiln 1 connected with an evacuating 
pipe 4 and a gaseous Ar feed pipe 6 through a rotary joint 
5, the kiln is evacuated and heated, the powder is 
dehydrogenated while rotating the kiln 1, heating is 
stopped after the kiln is restored to a specified vacuum, 
and gaseous Ar is supplied immediately or after a 
necessary retention time to cool the kiln. The kiln 1 is 
vibrated continuously or intermittently during 
dehydrogenation. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the Word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The dehydrogenation art in the titanium powder manufacture characterized by 
carrying out dehydrogenation treatment, inserting in titanium hydride powder in a rotary furnace, 
and rotating this furnace in the approach of manufacturing titanium powder by the 
hydrogenation dehydrogenation method. 

[Claim 2] It is a dehydrogenation art in the titanium powder manufacture which inserts titanium 
hydride powder in the sealing rotary furnace which connected the vacuum siphon and Ar gas 
supply line through rotation joint, heats while carrying out vacuum suction of the inside of a 
furnace, and is made to suspend heating after performing dehydrogenation treatment and 
recovering the inside of a furnace below to a predetermined vacuum, rotating a rotary furnace, 
and is immediately characterized by for **** to supply after [ the duration retention ] Ar gas, 
and to cool. 

[Claim 3] Claim 1 characterized for vibration by continuation or giving intermittently in the 
rotary furnace under dehydrogenation treatment, or the dehydrogenation art in titanium powder 
manufacture given in two. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of carrying out dehydrogenation 
heat treatment of the titanium hydride powder, when manufacturing the titanium powder as a 
powder metallurgy raw material by the hydrogenation dehydrogenation method (HDH law). 
[0002] 

[Description of the Prior Art] Although specific strength of a titanium alloy is high, it excels in 
thermal resistance and corrosion resistance and the very effective property as ingredients, 
such as an aircraft, is provided, a difficulty is in workability, such as the dissolution, forging, and 
cutting. For this reason, it considers as the technique of manufacturing the half-finished 
products near the last configuration directly from reduction of a conversion cost, and a 
viewpoint of improvement in the yield, and powder-metallurgy processing is promising. When 
manufacturing a titanium alloy by powder metallurgy, there are an approach using the mixed 
powder of pure titanium powder and titanium hardener powder as a raw material and an 
approach using titanium-alloy powder. Let the former approach be an advantageous approach 
from the ability of the alloy of various presentations to be manufactured cheaply by changing 
the mixing ratio of both powder. 

[0003] Although there is also the approach of grinding mechanically the titanium sponge which 
generally obtains titanium metal directly as the manufacture approach of pure titanium powder, 
and using as powder, since titanium sponge is rich in plasticity, even if it is difficult to grind this 
directly and to obtain impalpable powder and is obtained, since many [ the amount of chlorine ], 
it becomes quality low as an object for powder metallurgy. The atomizing method which blows 
away melting titanium by gas and makes powder on the other hand, or a titanium electrode is 
rotated, the electrode is fused with the plasma etc., and there is a rotational electrode process 
which blows away with a centrifugal force and is used as powder. According to these 
approaches, although titanium with comparatively high purity is obtained, there is a difficulty in 
a powder configuration, grain size, cost, etc. 

[0004] for this reason, HDH which carries out a dehydrogenation with vacuum heating etc. and 
obtains titanium powder after carrying out the hydrogen treating of the raw material titanium, 
considering as a brittle titanium hydride, grinding this mechanically and considering as powder 
— generally the approach by law is adopted. Although titanium hydride powder is filled up with 
the dehydrogenation processing by this HDH method into a dished processing container (tray) 
and it is heat-treated in a vacuum, if thickness of titanium hydride powder is set to 30-50mm or 
more into a tray, there is a problem that a dehydrogenation takes time amount, therefore it is 
necessary to hold down said thickness from dehydrogenation effectiveness to about 30-50mm. 
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Thus, since the thickness of dehydrogenation titanium powder has a limit, it is necessary to 
accumulate on multistage the tray on which titanium hydride powder entered 30-50mm in 
thickness for raising throughput, and to process it. Although this tray to accumulate changes 
with heat treatment / exhaust air capacity of a dehydrogenation furnace, furnace capacity, 
configurations, etc., it becomes dozens of steps on a scale of industrial. 
[0005] Titanium powder is supplied to each tray of ******, and it is performing adjusting to 
predetermined thickness with the help, and it accumulates on a required number of stages, and 
inserts in a dehydrogenation furnace. Working efficiency is bad and being based on such a help 
has low productivity. Moreover, there is thickness Mino variation and there is a problem of 
causing variation also in the processing time by this. 

[0006] On the other hand, after dehydrogenation treatment is completed, the tray with which it 
loaded multistage is disassembled with a help, and powder must remove with a help on a tray, 
also when it adheres, adhesion and. 
[0007] 

[Problem(s) to be Solved by the Invention] Productivity aims at offering the dehydrogenation 
art in efficient titanium powder manufacture highly by carrying out carrying out rotation stirring 
of the titanium hydride which this invention cancels such a conventional trouble, loaded 
multistage with the tray, and inserted in dehydrogenation heat treatment not with quiescence 
and a batch mold but with the closed mold rotary furnace. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention 
makes the following configurations a summary. Namely, it sets to the approach of manufacturing 
titanium powder by (1) hydrogenation dehydrogenation method. It is a dehydrogenation art in 
the titanium powder manufacture characterized by carrying out dehydrogenation treatment, 
inserting in titanium hydride powder in a rotary furnace, and rotating this furnace. (2) Titanium 
hydride powder is inserted in the sealing rotary furnace which connected the vacuum siphon 
and Ar gas supply line through rotation joint. After performing dehydrogenation treatment and 
recovering the inside of a furnace below to a predetermined vacuum, rotating [ while carrying 
out vacuum suction of the inside of a furnace, heat, and ] a rotary furnace, it is a 
dehydrogenation art in the titanium powder manufacture characterized by making heating 
suspend, and for **** supplying after [ the duration retention ] Ar gas immediately, and cooling. 
Adhesion of the dehydrogenation titanium powder into a furnace can be prevented for vibration 
continuation or by giving intermittently to the rotary furnace under above-mentioned 
dehydrogenation treatment. 
[0009] 

[Function] Thus, while the effectiveness of dehydrogenation becomes good by powder always 
being stirred by performing dehydrogenation processing, making a closed mold rotary furnace 
insert in and rotate titanium hydride powder in this invention, there is also no need of restricting 
insertion thickness to 50mm or less like [ said batch type of], and powder carries out false 
sintering and does not become massive. What is necessary is just to crack simply after 
dehydrogenation, even if it may form false sintering a part, furthermore, the thing which the wall 
of a rotary furnace is used as a refractory material, or is lined with this ingredient — or it can 
prevent that titanium powder adheres to a furnace wall by dealing a blow of vibration etc. to a 
furnace wall further. 

[0010] This invention is explained below at a detail. Drawing 1 is the explanatory view having 
shown typically the equipment which carries out dehydrogenation processing of this invention. 
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in drawing, 1 is a cylinder-like rotary furnace and consists of a furnace wall 2 which laid the 
heating means (for example, an electric heater — not shown) underground, and a wall 3 which 
becomes the inside from heat-resistant-alloy steel, such as stainless steel. It is desirable to 
cover ceramics, such as heat resisting materials and aluminum 203, such as high-melting 
material, for example, Mo, Nb, etc., and Nitriding Nb, with lining or thermal spraying to the 
internal surface of a wall 3, and it can prevent that titanium powder adheres to a wall by this. 4 
is the vacuum siphon and is connected with the rotary furnace 1 through a rotary joint 5 in the 
side-attachment-wall core. 6 is an Ar gas supply line connected with the side attachment wall 
of a furnace through rotary joint 5', and supplies Ar gas in a furnace at the time of 
dehydrogenation treatment termination. Although especially rotation of a rotary furnace is not 
illustrated, it is performed by the rotation roller which operates like the usual rotary kiln with the 
external power formed in two or more peripheries of a furnace. 7 is oscillating grant equipment 
and is suitably prepared in the periphery of a furnace 1. The example of drawing shows the 
hammer which hits a furnace wall timely according to rotation during operation of a furnace. 8 is 
a hopper which supplies titanium hydride powder to a rotary furnace, and is open for free 
passage in a furnace with the feed hopper (not shown) which can be opened and closed and 
which was prepared in the furnace wall 1. 9 is the exhaust port (not shown) prepared in the 
furnace wall possible [ closing motion ], and a discharge box open for free passage, and derives 
the titanium powder which the guide crusher 10 is formed in the upper part, and was processed. 
1 1 is the titanium hydride powder inserted in in the furnace. 

[0011] Rotation is put into operation, after it turns ON a heater, starts heating and reaches 
predetermined temperature in this invention, while it lengthens the sealed rotary furnace to a 
vacuum, after titanium hydride powder makes open the feed hopper of the rotary furnace 1 
which has stopped from the feed hopper 8 and is inserted in in a specified quantity furnace. 
Although the degree of vacuum in a furnace will fall if a dehydrogenation is started from titanium 
hydride powder, a hydrogen yield decreases with time amount progress, a degree of vacuum is 
recovered gradually, becomes less than [ the set point or it ], and a dehydrogenation is 
completed. Dehydrogenation heats the inside of a furnace at about 700 degrees C, since 
titanium hydride powder is stirred by carrying out a furnace with a predetermined rotational 
speed, dew is always carried out to an ambient atmosphere, and processing advances extremely 
for a short time. Drawing 2 is what showed the relation between heating time and a rotational 
frequency, and by considering as the rotational speed of ten or more rpm shows that 
dehydrogenation becomes possible in about 600 minutes. In addition, giving vibration during 
dehydrogenation treatment can control adhesion in the furnace wall of titanium powder more. 
[0012] It cools to a room temperature, stopping heating and vacuum suction, once stopping 
rotation of a furnace, making a bulb open, supplying Ar gas in a furnace, and rotating a furnace 
again, after dehydrogenation is completed. The inside of the furnace at the time of cooling will 
be in the condition of atmospheric pressure mostly. Thus, the processing time is sharply 
shortened like dehydrogenation treatment by rotating a furnace. Although drawing 3 shows the 
relation between a cooldown delay and a rotational frequency, by from now on making it the 
rotational speed often or more rpm shows that the cooling processing to ordinary temperature 
is attained in about 600 minutes. 
[0013] 

[Example] After inserting in 65kg of titanium hydride powder using the rotary furnace of the 
rotary-kiln mold shown in drawing 1 as a dehydrogenation furnace, while carrying out vacuum 
suction of the inside of a furnace, the heater was turned ON and heated. When coke oven 
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temperature amounted to 300 degrees C, the furnace was rotated by 30rpm, and the retention 
was heated and carried out to 750 more degrees C. Although hydrogen occurred in connection 
with dehydrogenation, vacuum suction of the inside of a furnace was carried out, and it was 
deaerated. Heating enclosed and carried out the retention of the Ar gas for 60 minutes while it 
turned OFF the heater and suspended rotation, after the degree of vacuum in a furnace reached 
0.05 or less torrs, and it cooled it after that. At the time of cooling, Ar gas is rotated by feeder 
current through, the furnace was rotated by 30rpm, and cooling was ended when becoming 100 
degrees C or less. 

[0014] Time amount until heating and cooling are completed was 600 minutes, respectively. 
Incidentally an example of the heating time in standing processing of 65kg of titanium hydride 
powder of the conventional tray use was 2800 minutes, and the cooldown delay was 1500 
minutes. Thus, since titanium powder is always stirred by performing a dehydrogenation in a 
rotary furnace, it is the result of powder's forming false sintering, not becoming massive, and 
titanium hydride's always appearing in the surface section all over a rotary furnace, and 
performing dehydrogenation and cooling efficiently, even if it became an elevated temperature 
that the processing time in this invention was shortened. Moreover, it is not necessary to 
restrict like standing processing of the conventional tray use of the insertion thickness of 
titanium hydride powder. 

[0015] Although the case where this invention was used for dehydrogenation processing above 
was explained to the subject, this invention is not limited to this and can be applied also to heat 
treatment of those other than titanium hydride powder. 
[0016] 

[Effect of the Invention] As explained above, this invention can plan increase of the productivity 
by compaction of the dehydrogenation-ized processing time, increase of throughput, the 
unloading of a crushing process, antisticking, etc., laborsaving, and cost reduction by performing 
dehydrogenation with a rotary furnace as compared with processing by the conventional 
quiescence and batch type furnace. Especially processing-time shortening is large, it becomes 
possible to complete that heating time had taken 2800 minutes conventionally in 600 minutes by 
this invention so that clearly from an example, and to also end a cooldown delay in 600 minutes 
from 1500 minutes, and this industrial effectiveness is very large. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The explanatory view showing typically an example of equipment which enforces 
this invention method. 

[Drawing 2] Drawing showing the relation between heating time and a rotational frequency. 
[Drawing 3] Drawing showing the relation between a cooldown delay and a rotational frequency. 
[Description of Notations] 
1 : Rotary furnace 
2: Furnace wall 
3: Wall 

4: Vacuum siphon 

5: Rotary joint 

6: Ar gas supply pipe 

7: Oscillating grant equipment 

8: Powder feed hopper 

9: Powder discharge box 

10: Guide crusher 

11: Titanium hydride powder 



[Translation done.] 
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